The functional movement screen (FMS) is an easily administered and non-invasive tool to identify areas 10 of weakness and asymmetry during specific exercises. FMS is a common method of athlete screening in 11 many sports and is used to ascertain injury risk, but has to be used within an equestrian population. The 12 aim of this study was establish FMS scores for Novice and Advanced Female Show Jumping Riders, to 13 inform a normative data set of FMS scores in horse riders in the future. 14 Twenty-two female show jumping horse riders (mean age 21.5 yrs.). Twelve riders competing at 80cm 15 and below were the 'novice' group and ten riders in the 'advanced' group competing at 125cm, were 16 assessed based on their performance on a 7-point FMS (deep squat, hurdle step, in-line lunge, shoulder 17 mobility, active straight leg raise, trunk stability and rotary stability). The mean composite FMS scores 18 (± s.d.) for the novice rider group was 12.08 ± 2.7 and for the advanced riders was 14.08 ± 1.77. There 19 was a statistical significant difference in median FMS composite scores between the novice show 20 jumping rider and advanced show jumping rider groups (Mann-Whitney U test, p=0.004). One hundred 21 percent of novice show jumping riders and 50% of advanced show jumping riders scored ≤14, indicating 22 that a novice rider is 2 times (O.R.) more likely to be at increased risk of injury compared to advanced 23 riders. 24 Advanced show jumping riders scored higher than novice riders but both groups scored lower than seen 25 in other sports suggesting some show jumping riders may be at risk of injury. Riders' FMS scores 26 demonstrated asymmetric movement patterns potentially limiting left lateral movement. Asymmetry has 27 a potential impact on equestrian performance, limiting riders' ability to apply the correct cues to the 28 horse. The findings of such screening could inform the development of ancillary training programmes 29 to correct asymmetry pattern and target injury prevention. 30 31
Introduction 34
Functional movement is the ability to produce and maintain a balance between mobility and stability 35 along the kinetic chain while performing fundamental patterns with accuracy and efficiency (Chorba et 36 al., 2010), Muscular strength, flexibility, endurance, coordination, balance, and movement efficiency 37 are components necessary to achieve functional movement which is integral to performance and sport-38 related skills. Effective performance in Equestrian sports is reliant on the rider maintaining balance and 39 posture in order to be able to administer predictable cues (aids) to the horse. The rider aims to maintain 40 a straight line through the ear-shoulder-hip-heel, with the pelvis in the neutral position and a controlled 41 upright trunk position adapting to the movement of the horse (Guire et al., 2017; Hobbs et al., 2014; 42 Nevison et al., 2013; Douglas et al., 2012; Lovett et al., 2005) . The Olympic discipline of show jumping 43
requires the horse and rider to negotiate a course of 12-20 knock able fences. The activity of jumping 44
requires the rider to alter or adjust their position by adopting a forward seat in order to cope with the 45 increased mechanical forces involved. During jumping, the rider closes the hip and thigh angle and 46 moves the trunk into a more forward position. In order to maintain their balance through the jumping 47 phase the rider's weight is absorbed by the legs, as opposed to pelvis and legs as seen in the regular 48 riding position (Nankervis, et al. 2015; Douglas, et al. 2012; Patterson, et al., 2010) . This adjustment in 49 position requires a great deal of control of the body segments, as the rider has to deal with acceleration 50
forces from the horse particularly on landing (Patterson, et al., 2010) . If the rider is unable to maintain 51 the desirable position then they are less likely to be able to control their body movements, administer 52
repeatable predictable cues to the horse and are increased risk of losing their balance or causing 53 undesirable behaviours in the horse.
54
Physical screening of athletes is commonplace in many sports to identify areas of weakness or functional 55
insufficiencies. Screening can inform coaches and physiotherapists to actualize their interventions to 56 enhance performance and prevent injuries. The British Equestrian Federation's Long Term Participant 57
Development model suggests that riders' body alignment and functional stability patterns should be 58 regularly tested, yet a standardised, quantitative and valid measure has yet to be fully investigated within 59 this population. 60
The Functional Movement Screen (FMS) is a simple measure to identify asymmetry in a person's basic 61 functional movements. It was designed to assess muscle flexibility, strength, imbalances and general 62 movement proficiency using a range of performance tests. It also identifies deficits related to 63 proprioception, mobilisation, stabilisation and pain within the prescribed movement patterns (Cook et 64 al., 2006) . It is a screening process growing in popularity due to it being a rapid, non-invasive measure 65
to identify potential injury risk . The screen consists of seven different functional 66 movements that assess trunk and core strength and stability, neuromuscular coordination, asymmetry in 67 movement, flexibility, acceleration, deceleration, and dynamic flexibility (Peate et al., 2007) . The FMS 68
measures the quality of the movement based on specific criteria that allow the evaluator to use 69 quantitative values for the movement on a scale of 0-3. The FMS focusses on the efficiency of 70 movement patterns rather than the quantity of repetitions performed. It has been used as a tool for injury 71
prevention ( of a screen tool to identify poor functional movement that may result in injury such the FMS may be 82 useful in the equestrian population. Although equestrian sports science is an emerging field, evidence-83 based data on discipline-specific screening are still limited in the equestrian population. Therefore, the 84 aim of this study is to establish FMS scores for novice show jumping riders compared to advance show 85 jumping riders. 86 87
Methods 88
Participants 89
Twenty-two female show jumping riders took part in this study (mean age 21.5 yrs.). The participant 90 criteria were riders competing at 80cm and below will integrate the 'novice group' and riders competing 91 at 125cm and above will integrate the 'advanced group'. Participants were a convenience sample of 92 volunteers that met the inclusion criteria. Inclusion criteria required all participants to be at least eighteen 93 years of age, injury free and not experiencing pain at the start of the protocol. The experimental protocols 94
received Institutional Ethics Committee Approval and informed written consent was obtained from all 95 participants. 96
Testing Procedures 97
Riders were familiarized with the test protocols using verbal guidelines and visual demonstrations, 98
which allowed for some cueing and ensured riders, were aware of the requirements of each movement 99 task. All participants were advised to report for testing rested (i.e. having performed no strenuous 100 exercise in the preceding 24 hours), hydrated and at least 3 hours following the consumption of a light 101 carbohydrate based meal (Winter et al., 2007) . Participants were required to perform the procedures 102
with no prior warm up or physical activity, to increase the validity of the results. 103 104
Functional Movement Screen 105
Participants were screened using the seven point functional movement screening protocol described by After each movement, a score was given to the movement based on specific FMS criteria by a qualified 120 sports therapist. A score of 3 indicated that the movement was completed both pain-free and without 121 compensation. A score of 2 indicated that the movement was completed pain-free but with some level 122 of compensation or aid, and a score of 1 indicated that the participant could not perform the movement.
123
A score of 0 was assigned to a movement that induced self-reported pain. When a FMS is performed, 5 124 of the 7 tests (hurdle step, shoulder mobility, active straight leg raise, in-line lunge, and rotary stability) 125
tests are scored independently on the right and left sides of the body, whilst the other two the deep squat 126 and the trunk stability push up test are symmetrical tests. Participants were given three trials of each 127 movement pattern, with each trial being scored by the same researcher real time on a 0-3 point scale.
128
Based upon the relationship between neuromuscular asymmetry and injury risk, the FMS scoring system 129 highlights asymmetry and takes the lowest score of the three as the overall score for that movement 130 (Beckham, 2010) . After the 7 different movements were evaluated, a cumulative score out of 21 was 131 recorded, as per the method described by Cooke et al. (2006) where 0 is very low and 21 is the highest 132 score possible . 133 134
Statistical Analyses 135
Descriptive statistics were used to report scores and percentages within data. Odds ratios were utilized 136 to assess risk of injury based on mean composite FMS scores. Due to the ordinal FMS scoring system a 137
non-parametric Mann Whitney-U statistic was used to test for difference between novice rider and 138 advanced rider groups. An alpha value was set at p<0.05 (confidence interval 95%) throughout unless 139 otherwise stated. Data were analysed using SPSS for Windows version 24. 140 141
Results 142
The mean composite FMS scores (± SD) for the novice group was 12.08 ± 2.7; and for the advanced 143
show jumping rider group was 14.08 ± 1.77 (Figure 1 ). There was a significant difference for FMS 144 composite scores between the novice group (12.08 ± 2.7) and advanced (14.08 ± 1.77) groups (Mann-145
Whitney U test, p=0.004). One hundred percent of novice riders and 50% of advanced riders scored ≤14, 146
indicating a risk of injury (Table 1) with an odds ratio of 2:1 in novice riders: advanced riders. A novice 147
rider is two times more likely to be at risk of an injury based on their composite FMS score. 148 The purpose of this study was to determine FMS scores in a sub-population of female show jumpers 167 based upon reports of a high prevalence of pain, (Kraft, 2007 is important to further investigate the cause in each individual rider, but a trend for this movement 215
scoring asymmetric is apparent in riders. Increased iliac crest height to the right has been reported 216 (Hobbs et al., 2014) and authors had suggested that the causal factor may be greater muscle stiffness 217
and development on the right side would limit lateral bending to the left. Symes and Ellis (2009) also 218 report this right hip limitation and blocking of movement to the left during actual riding. Hobbs et al.,
219
(2014) evaluated symmetry whist riding and showed riders with a greater number of years' experience, 220 or competing at a higher level, showed significantly greater postural asymmetries than those with less 221 experience but off horse FMS scores were lower in the novice scores compared to advanced riders in 222
this study, so further evaluation of riding asymmetry and FMS asymmetry is needed. 223
Athletes often utilize compensatory movement patterns to achieve performance. However, these 224 inefficient movement strategies may reinforce poor biomechanical movement patterns during typical 225 activities, resulting in injury (Chorba et al., 2010 Thus, a strength and conditioning programme focused on developing the 'core' could improve the FMS 242 scores in a show jumping riders, reducing injury risk, in turn improve the riders' position (Hampson & 243 Randle, 2015) and ultimately show jumping performance. 244
Limitations 245
The sample was convenience based and a small sample of twenty-two female show jumping riders that 246
were eligible to participate within this study recruited. Additional training load were not accounted for 247
within this study but could be considered in future studies. The current study has established and 248 corroborated reports that riders have asymmetric movement patterns, and future research should 249
consider exploring the role of the FMS as a screening tool in horse riders. 250
Conclusion 251
This study highlights that composite FMS scores found in a small purposeful sample of show jumping 252 riders indicate a higher risk of injury in novice show jumping riders compared to advanced show 253 jumping riders. However, the composite FMS scores were lower than reported in other sports and 254 collegiate aged riders, suggesting some show jumping riders may be at risk of injury. The FMS scores 255
showed that riders scored differently across the tests demonstrating asymmetric movement patterns 256 potentially limiting left lateral movement patterns. Limited left lateral movement patterns have been 257 observed in riders in other studies. Asymmetry has an impact on equestrian performance and given the 258 duration of a rider's career, which may span four decades, highlights the importance of regular 259 functional movement screening to the individual rider. Such findings can be used to develop individual 260 axillary training programmes to improve functional movement and targeted injury prevention. Further 261 research to establish normative scores for other horse riding populations based on discipline, level and 262 age could inform the development of future training to minimise the risk of asymmetry and injury. 263
